Comprehensive DNA methylation and hydroxymethylation analysis in the human brain and its implication in mental disorders.
Covalent modifications of nucleotides, such as methylation or hydroxymethylation of cytosine, regulate gene expression. Early environmental risk factors play a role in mental disorders in adulthood. This may be in part mediated by epigenetic DNA modifications. Methods for comprehensive analysis of DNA methylation and hydroxymethylation include DNA modification methods such as bisulfite sequencing, or collection of methylated, hydroxymethylated, or unmethylated DNA by specific binding proteins, antibodies, or restriction enzymes, followed by sequencing or microarray analysis. Results from these experiments should be interpreted with caution because each method gives different result. Cytosine hydroxymethylation has different effects on gene expression than cytosine methylation; methylation of CpG islands is associated with lower gene expression, whereas hydroxymethylation in intragenic regions is associated with higher gene expression. The role of hydroxymethylcytosine is of particular interest in mental disorders because the modification is enriched in the brain and synapse related genes, and it exhibits dynamic regulation during development. Many DNA methylation patterns are conserved across species, but there are also human specific signatures. Comprehensive analysis of DNA methylation shows characteristic changes associated with tissues, brain regions, cell types, and developmental states. Thus, differences in DNA methylation status between tissues, brain regions, cell types, and developmental stages should be considered when the role of DNA methylation in mental disorders is studied. Several disease-associated changes in methylation have been reported: hypermethylation of SOX10 in schizophrenia, hypomethylation of HCG9 (HLA complex group 9) in bipolar disorder, hypermethylation of PRIMA1, hypermethylation of SLC6A4 (serotonin transporter) in bipolar disorder, and hypomethylation of ST6GALNAC1 in bipolar disorder. These findings need to be replicated in different patient populations to be generalized. Further studies including animal experiments are necessary to understand the roles of DNA methylation in mental disorders.